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Abstract 

Background:  To explore the correlation between the preoperative systemic immune inflammation index (SII) and 
the prognosis of patients with gastric carcinoma (GC).

Methods:  The clinical data of 771 GC patients surgically treated in the Department of Gastrointestinal Surgery, Qing-
hai University Affiliated Hospital from June 2010 to June 2015 were retrospectively analyzed, and their preoperative SII 
was calculated. The optimal cut-off value of preoperative SII was determined using the receiver operating characteris-
tic (ROC) curve, the confounding factors between the two groups were eliminated using the propensity score match-
ing (PSM) method, and the correlation between preoperative SII and clinicopathological characteristics was assessed 
by chi-square test. Moreover, the overall survival was calculated using Kaplan-Meier method, the survival curve was 
plotted, and log-rank test was performed for the significance analysis between the curves. Univariate and multivariate 
analyses were also conducted using the Cox proportional hazards model.

Results:  It was determined by the ROC curve that the optimal cut-off value of preoperative SII was 489.52, based 
on which 771 GC patients were divided into high SII (H-SII) group and low SII (L-SII) group, followed by PSM in the 
two groups. The results of Kaplan-Meier analysis showed that before and after PSM, the postoperative 1-, 3-, and 
5-year survival rates in L-SII group were superior to those in H-SII group, and the overall survival rate had a statistically 
significant difference between the two groups (P < 0.05). Before PSM, preoperative SII [hazard ratio (HR) = 2.707, 95% 
confidence interval (CI) 2.074-3.533, P < 0.001] was an independent risk factor for the prognosis of GC patients. After 
1:1 PSM, preoperative SII (HR = 2.669, 95%CI 1.881–3.788, P < 0.001) was still an independent risk factor for the prog-
nosis of GC patients.

Conclusions:  Preoperative SII is an independent risk factor for the prognosis of GC patients. The increase in preopera-
tive SII in peripheral blood indicates a worse prognosis.
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Introduction
Gastric carcinoma (GC) is a common digestive tract 
malignancy. In 2018, there were up to 782,000 deaths of 
GC, making it the third cause of death in malignancies 
[1]. China is a GC-prone country, and the new cases and 
deaths account for 44.1% and 49.9%, respectively, of the 
total globally, with an age-standardized 5-year survival 
rate of 27.4%. At the same time, GC patients have insidi-
ous early symptoms and the therapeutic effect is poor, 
leading to a poor prognosis [2]. Therefore, researchers 
have been constantly exploring the new simple, economi-
cal and accurate prognostic evaluation index similar to 
TNM stage currently, so as to better guide the clinical 
treatment [3].

According to related studies, both inflammatory 
response and immune response are closely related to the 
occurrence and development of tumors [4, 5]. Tumor-
induced inflammatory response can cause correspond-
ing changes in the blood neutrophil (NE), lymphocyte 
(LY), and platelet (PLT) counts [6–8]. On this basis, some 
studies have tried to discover new potential biomarkers 
related to the prognosis. For example, the preoperative 
systemic immune inflammation index (SII) calculated 
based on NE, LY, and PLT is correlated with the prog-
nosis of breast cancer, liver cancer and pancreatic can-
cer [9–12]. However, there are currently few studies on 
the correlation between SII and prognosis of GC. In the 
present study, therefore, the value of SII for the progno-
sis of GC patients was explored using propensity score 
matching (PSM), so as to provide references for clinical 
treatment.

Methods
This study was agreed by the Institutional Research Eth-
ics Board of Qinghai University Affiliated Hospital and 
obtain the informed consent of all subjects themselves 
or their families. All methods were performed in accord-
ance with the Declaration of Helsinki, and this study did 
not involve human or animal tissue or blood samples, 
and all patients signed the written informed consent 
before surgery.

General data
The clinical data of GC patients surgically treated in the 
Department of Gastrointestinal Surgery, Qinghai Uni-
versity Affiliated Hospital from June 2010 to June 2015 
were retrospectively analyzed. The treatment methods 
included distal gastrectomy (DG), proximal gastrectomy 

(PG) and total gastrectomy (TG). Inclusion criteria were 
as follows: (1) patients pathologically diagnosed with gas-
tric mucosal adenocarcinoma after operation, (2) those 
without undergoing radiotherapy, chemotherapy and 
biotherapy before operation, (3) those without acute/
chronic inflammation before operation, (4) those under-
going standard D2 gastrectomy, (5) those without other 
severe concomitant diseases and with good organ func-
tion, and (6) those without medical contraindications 
that seriously affect anesthesia and operation. Exclusion 
criteria were as follows: (1) patients with missing medi-
cal data or lost to follow-up, (2) those who refused to 
undergo operation, (3) those complicated with blood sys-
tem diseases or other tumors before operation, (4) those 
with severe uncontrolled recurrent infections, or other 
severe uncontrolled concomitant diseases, or (5) those 
who require immunosuppressive therapy due to organ 
transplantation. The pathological staging was based on 
the 8th edition UICC/AJCC staging criteria [13], and 
the pathological diagnosis and classification of GC were 
based on the Japanese Gastric Cancer Treatment Guide-
lines (5th edition) [14].

Analysis methods
SII was calculated using the blood routine test results 
first time after admission (SII = PLT × NE/LY). Accord-
ing to the optimal cut-off value of SII, the patients were 
grouped, and the correlation between SII and clin-
icopathological factors of patients was analyzed. The 
patients were also divided into non-elderly group (< 60 
years old) and elderly group (≥ 60 years old). The corre-
lation between SII and patients’ age and its influence on 
prognosis were analyzed.

PSM
This was a retrospective study, the data were not strictly 
randomized and there were many potential influencing 
factors for SII in clinic, so various confounding factors 
might be distributed in GC patients with different SII. 
To eliminate the influence of confounding factors on the 
prognosis, 1:1 PSM was performed for patients in high 
SII (H-SII) group and low SII (L-SII) group. Other covari-
ates had no statistically significant difference (P > 0.05).

Follow‑up
All patients were regularly followed up after opera-
tion every 3–6 months by outpatient clinic, message, 
telephone, e-mail, and network communication tools. 

Keywords:  Gastric carcinoma, Systemic immune inflammation index, Prognosis, Overall survival, Propensity score 
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Overall survival (OS) was defined as the duration from 
definite diagnosis to death or end of follow-up (February 
2021 or patients’ death).

Statistical analysis
SPSS 26.0, R 3.6.1, and GraphPad Prism 8.0 were used 
for statistical analysis. Enumeration data were expressed 
as n (%), and χ2 test was performed for intergroup com-
parison. The optimal cut-off value of SII was determined 
using the receiver operating characteristic (ROC) curve. 
The confounding factors in data were eliminated using 
PSM, and the matching precision was set to 0.02. OS 
was calculated using Kaplan-Meier method, the survival 
curve was plotted, and log-rank test was performed for 
the difference between groups. Univariate and multi-
variate analyses were also conducted using the Cox pro-
portional hazards model. The hazard ratio (HR) and the 
corresponding 95% confidence interval (95% CI) were 
calculated. P < 0.05 was considered to be statistically 
significant.

Results
General data
A total of 771 patients met the screening criteria, includ-
ing 165 females (21.40%) and 606 males (78.60%), with a 

median age of 59.30 years old (Fig. 1). All patients were 
pathologically diagnosed with gastric mucosal adenocar-
cinoma after operation, and none of them died of post-
operative complications. Among all patients, 297 cases 
(38.52%) underwent DG, 250 cases (32.43%) underwent 
PG, and 224 cases (29.05%) underwent TG. Standard D2 
lymph node dissection was conducted for all patients. 
All of the 771 patients were followed up until 6 February 
2021, with a median follow-up time of 46 months (95% 
CI 43.986–48.014).

Optimal cut‑off value of SII
The ROC curve of SII was plotted, and its AUC and 
Youden index were 0.721 (95%CI 0.681–0.761) and 0.384, 
respectively. The corresponding optimal cut-off value was 
489.52, and the evaluation sensitivity and specificity were 
55.5% and 82.9%, respectively (Fig. 2). Based on the cut-
off value, 771 patients were divided into L-SII group (SII 
≤ 489.52, n = 531) and H-SII group (SII > 489.52, n = 
240).

Correlation between SII and clinicopathological factors 
of GC patients before and after PSM
Before matching, SII was related to the maximum diam-
eter of tumor, histological type, serum albumin (ALb), 

Fig. 1  Study flow diagram
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white blood cell (WBC), carbohydrate antigen 125 
(CA125), and TNM stage (P < 0.05), but not related to 
the age, gender, smoking, drinking, carcinoembryonic 
antigen (CEA), CA199, and operation method (P > 0.05). 
PSM was performed in L-SII group and H-SII group, and 
a total of 354 patients were eligible, including 177 cases 
in H-SII group and 177 cases in L-SII group. The above 
differences were evenly distributed after matching (P > 
0.05) (Table 1).

Correlation between SII and OS of GC patients 
before and after PSM
The median survival time was 73 months (95%CI 65.172–
80.828) in L-SII group and 28 months (95%CI 24.646–
31.354) in H-SII group. The 1-, 3-, and 5-year survival 
rates were 92.8%, 81.0%, and 67.9%, respectively, in L-SII 
group, and 80.0%, 39.8%, and 28.9%, respectively, in H-SII 
group. It can be seen that the survival rate in L-SII group 
was superior to that in H-SII group, and the OS rate had a 
statistically significant difference between the two groups 
(P < 0.001). After PSM, the 1-, 3-, and 5-year survival 
rates were 89.3%, 74.3%, and 60.4%, respectively, in L-SII 
group, and 80.8%, 45.8%, and 32.9%, respectively, in H-SII 
group. The mean survival time was 56.771 months (95%CI 
51.613–61.929) in L-SII group. In H-SII group, the mean 
survival time was 38.443 months (95%CI 34.792–42.093), 
and the median survival time was 32 months (95%CI 
22.446–41.554). It can be seen that the survival rate in 

L-SII group was significantly better than that in H-SII 
group, and the OS rate had a statistically significant differ-
ence between the two groups (P < 0.001) (Fig. 3).

Influencing factors for patient’s survival before and after 
PSM
Before PSM, the results of univariate analysis revealed 
that age, maximum diameter of tumor, histological type, 
SII, ALb, CEA, CA199, CA125, WBC count, opera-
tion method, and TNM stage were all influencing fac-
tors for the prognosis of GC patients (P < 0.05). The 
results of multivariate analysis showed that age (HR = 
1.334, 95%CI 1.045–1.704, P = 0.021), histological type 
(HR = 0.741, 95%CI 0.560–0.980, P = 0.036), SII (HR = 
2.707, 95%CI 2.074–3.533, P < 0.001), ALb (HR = 0.385, 
95%CI 0.283–0.525, P < 0.001), CEA (HR = 1.285, 
95%CI 1.007–1.640, P = 0.044), CA125 (HR = 1.370, 
95%CI 1.069–1.755, P = 0.013), WBC (HR = 1.361, 
95%CI 1.047–1.770, P = 0.021), operation method, 
and TNM stage were all independent risk factors for 
the prognosis of GC patients (Table 2). After PSM, the 
results of univariate analysis manifested that age, maxi-
mum diameter of tumor, SII, ALb, CA125, operation 
method, and TNM stage were risk factors for the prog-
nosis of GC patients. According to multivariate analysis, 
the maximum diameter of tumor (HR = 1.493, 95%CI 
1.043–2.136, P = 0.029), SII (HR = 2.669, 95%CI 1.881–
3.788, P < 0.001), ALb (HR = 0.286, 95%CI 0.183–0.447, 

Fig. 2  ROC curves were plotted to determine the optimal cut-off value of SII
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P < 0.001), CA125 (HR = 1.402, 95%CI 1.002–1.961, P 
= 0.048), operation method, and TNM stage were inde-
pendent risk factors for the prognosis of GC patients 

(Table  3). Besides, the correlation between statistically 
significant independent risk factors after PSM (P < 0.05) 
(except SII) and prognosis of GC patients was analyzed 

Table 1  Correlations between SII and clinicopathological factors of GC patients before and after PSM

H-SII high systemic immune inflammatory group, L-SII low systemic immune inflammatory group, ALb albumin, WBC white blood cell, DG distal gastectomy, PG 
proximal gastrectomy, TG total gastrectomy

Parameters Before PSM After PSM

H-SII (n = 240) L-SII (n = 531) χ2 P H-SII (n = 177) L-SII (n = 177) χ2 P

Age (years) 3.415 0.065 0.011 0.915

  ≤ 60 129(53.75%) 323(60.83%) 100(56.50%) 99(55.93%)

  > 60 111(46.25%) 208(39.17%) 77(43.50%) 78(44.07%)

Gender 0.097 0.756 0.000 1.000

  Male 187(77.92%) 419(78.91%) 138(77.97%) 138(77.97%)

  Female 53(22.08%) 112(21.09%) 39(22.03%) 39(22.03%)

Smoking 0.234 0.628 0.011 0.915

  Yes 113(47.08%) 260(48.96%) 84(47.46%) 83(46.89%)

  No 127(52.92%) 271(51.04%) 93(52.54%) 94(53.11%)

Drinking 1.246 0.264 1.457 0.227

  Yes 91(37.92%) 224(42.18%) 72(40.68%) 61(34.46%)

  No 149(62.08%) 307(57.82%) 105(59.32%) 116(65.54%)

Tumor size (mm) 11.357 < 0.001 0.232 0.630

  ≤ 50 168(70.00%) 429(80.79%) 128(72.32%) 132(74.58%)

  > 50 72(30.00%) 102(19.21%) 49(27.68%) 45(25.42%)

Differentiation 4.188 0.041 0.000 1.000

  Well and moderately 73(30.42%) 202(38.04%) 61(34.46%) 61(34.46%)

  Poorly 167(69.58%) 329(61.96%) 116(65.54%) 116(65.54%)

Alb (g/L) 33.695 < 0.001 0.000 1.000

  ≤ 39.85 183(76.25%) 288(54.24%) 121(68.36%) 121(68.36%)

  > 39.85 57(23.75%) 243(45.76%) 56(31.64%) 56(31.64%)

WBC(W, × 109 cells/L) 107.173 < 0.001 0.113 0.737

  ≤ 6.525 119(49.58%) 451(84.93%) 118(66.67%) 115(64.97%)

  > 6.525 121(50.41%) 80(15.07%) 59(33.33%) 62(35.03%)

CEA 0.542 0.462 0.554 0.457

  ≤ 2.17 ug/ml 128(53.33%) 268(50.47%) 89(50.28%) 82(46.33%)

  > 2.17 ug/ml 112(46.67%) 263(49.53%) 88(49.72%) 95(53.67%)

CA199 0.835 0.361 0.0137 0.711

  ≤ 21 u/mL 179(74.58%) 412(77.59%) 135(76.27%) 132(74.58%)

  > 21 u/mL 61(25.42%) 119(22.41%) 42(23.73%) 45(25.42%)

CA125 6.671 0.010 1.532 0.216

  ≤ 14.6 u/ml 145(60.42%) 371(69.87%) 112(63.28%) 123(69.49%)

  > 14.6 u/ml 95(39.58%) 160(30.13%) 65(36.72%) 54(30.51%)

Type of surgery 5.572 0.062 4.974 0.084

  DG 80(33.33%) 217(40.87%) 57(32.21%) 39(22.04%)

  PG 78(32.50%) 172(32.39%) 59(33.33%) 63(35.59%)

  TG 82(34.17%) 142(26.74%) 61(34.46%) 75(42.37%)

TNM stage 11.509 0.003 2.425 0.298

  I 38(15.83%) 137(25.80%) 34(16.95%) 35(19.77%)

  II 43(17.92%) 105(19.78%) 31(17.51%) 40(22.60%)

  III 159(66.25%) 289(54.42%) 116(65.54%) 102(57.63%)
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by Kaplan-Meier method. It was found that the larger 
maximum diameter of tumor, lower level of ALb, higher 
level of CA125 and higher TNM stage indicated a worse 

prognosis. Besides, the prognosis was better among 
patients undergoing DG than that among patients 
treated with PG and TG (Fig. 4).

Fig. 3  Postoperative OS curve in the two groups before and after PSM. a Before PSM, the 5-year OS rate in L-SII group was significantly higher than 
that in H-SII group (67.9% vs. 28.9%) (P < 0.001). b After PSM, the 5-year OS rate in L-SII group was significantly higher than that in H-SII group (60.4% 
vs. 32.9%) (P < 0.001)

Table 2  Risk factors for the prognosis of GC patients before PSM

HR hazard ratio, CI confidence interval, SII systemic immune inflammatory, ALb albumin, WBC white blood cell, DG distal gastectomy, PG proximal gastrectomy, TG 
total gastrectomy

Parameters Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Age, years(≤ 60 vs. > 60) 1.531(1.209–1.938) < 0.001 1.334(1.045–1.704) 0.021

Gender (Male vs. Female) 0.792(0.584–1.072) 0.131

Smoking (Yes vs. No) 0.913(0.722–1.155) 0.448

Drinking (Yes vs. No) 0.981(0.774–1.244) 0.876

Tumor size, mm(≤ 5 vs.  >5) 1.619(1.253–2.091) < 0.001 1.182(0.903–1.547) 0.223

Differentiation (poorly vs. well and moderately) 0.605(0.462–0.794) < 0.001 0.741(0.560–0.980) 0.036

SII(> 489.52 vs. ≤ 489.52) 3.919(3.087–4.977) < 0.001 2.707(2.074–3.533) < 0.001

Alb, g/L(≤ 39.85 vs. > 39.85) 0.298(0.220–0.403) < 0.001 0.385(0.283–0.525) < 0.001

CEA, ug/ml(≤ 2.17 ug/ml vs. > 2.17 ug/ml) 1.329(1.050–1.680) 0.018 1.285(1.007–1.640) 0.044

CA199, u/ml(≤ 21 u/mL vs. > 21 u/mL) 1.560(1.208–2.013) 0.001 1.184(0.905–1.550) 0.218

CA125, u/ml(≤ 14.6 u/ml vs. > 14.6 u/ml) 1.658(1.307–2.104) < 0.001 1.370(1.069–1.755) 0.013

WBC,109/L(≤ 6.525 vs. > 6.525) 2.158(1.698–2.742) < 0.001 1.361(1.047–1.770) 0.021

Type of surgery < 0.001 < 0.001

  DG 1(reference) 1(reference)

  PG 1.781(1.325–2.395) 1.728(1.279–2.337)

  TG 2.331(1.736–3.129) 1.878(1.386–2.545)

TNM stage < 0.001 0.016

  I 1(reference) 1(reference)

  II 1.574(1.004–2.466) 1.248(0.788–1.978)

  III 2.385(1.665–3.416) 1.654(1.136–2.408)
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Table 3  Risk factors for the prognosis of GC patients after PSM

HR hazard ratio, CI confidence interval, SII Systemic immune inflammatory, ALb Albumin, WBC White blood cell, DG Distal gastectomy, PG Proximal gastrectomy, TG 
Total gastrectom

Parameters Univariate analysis Multutivariate analysis

HR (95% CI) P HR (95% CI) P

Age,y(≤60 VS. >60) 1.544(1.121-2.126) 0.008 1.356(0.973-1.889) 0.072

Gender (male VS. female) 0.958(0.649-1.415) 0.83

Smoking (yes VS. no) 1.023(0.744-1.407) 0.887

Drinking (yes VS. no) 1.098(0.790-1.527) 0.577

Tumor size,mm(≤5 VS. >5) 1.729(1.237-2.417) 0.001 1.493(1.043-2.136) 0.029

Differentiation (Poorly VS. Well and Moderately) 0.733(0.514-1.046) 0.087

SII(>489.52 VS. ≤489.52) 2.472(1.757-3.480) <0.001 2.669(1.881-3.788) <0.001

Alb,g/L(≤39.85 VS. >39.85) 0.306(0.198-0.474) <0.001 0.286(0.183-0.447) <0.001

CEA,ug/ml(≤2.17ug/ml VS. >2.17ug/ml) 1.380(0.999-1.906) 0.051

CA199,u/ml(≤21u/mL VS. >21u/mL) 1.415(0.996-2.011) 0.053

CA125,u/ml(≤14.6u/mll VS. >14.6u/ml) 1.479(1.067-2.050) 0.019 1.402(1.002-1.961) 0.048

WBC,109/L(≤6.525 VS. >6.525) 0.921(0.659-1.288) 0.631

Type of surgery 0.001 0.001

  DG 1(reference) 1(reference)

  PG 1.803(1.159-2.805) 2.061(1.314-3.232)

  TG 2.230(1.451-3.428) 2.324(1.490-3.623)

TNM stage <0.001 0.002

  I 1(reference) 1(reference)

  II 1.803(1.159-2.805) 1.120(0.579-2.167)

  III 2.230(1.451-3.428) 2.123(1.257-3.584)

Fig. 4  Survival curves under different risk factors for the prognosis after PSM. a different tumor sizes (H-SII group vs. L-SII group). b Different ALb 
levels (H-SII group vs. L-SII group). c Different CA125 levels (H-SII group vs. L-SII group). d Different operation methods (DG vs. PG vs. TG). e Different 
TNM stages (stage I vs. stage II vs. stage III)
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Clinicopathological characteristics of age‑stratified 
patients after PSM
After PSM, 199 non-elderly patients (56.21%) and 155 
elderly patients (43.79%) were obtained for analysis. It 
was proved that SII was related to the TNM stage of non-
elderly patients (P < 0.05) (Table 4).

Cox regression analysis on influencing factors 
for the prognosis of non‑elderly patients
The results of univariate analysis showed that the maximum 
diameter of tumor, SII, ALb, CA125, and TNM stage were 
risk factors for the prognosis of the 199 non-elderly patients 
with GC. The results of multivariate analysis showed that SII 

Table 4  Age-stratified PSM

H-SII high systemic immune inflammatory group, L-SII low systemic immune inflammatory group, ALb albumin, WBC white blood cell, DG distal gastectomy, PG 
proximal gastrectomy, TG total gastrectomy

Parameters Non-elderly patients(n = 199) Elderly patients(n = 155)

H-SII(n = 100) L-SII(n = 99) χ2 P H-SII(n = 77) L-SII(n = 78) χ2 P

Gender 0.106 0.744 0.102 0.749

  Male 80(80.00%) 81(81.82%) 58(75.32%) 57(73.08%)

  Female 20(20.00%) 18(18.18%) 19(24.68%) 21(26.92%)

Smoking 0.245 0.621 0.516 0.472

  Yes 47(47.00%) 50(50.51%) 37(48.05%) 33(42.31%)

  No 53(53.00%) 49(49.49%) 40(51.95%) 45(57.69%)

Drinking 0.445 0.505 1.145 0.285

  Yes 42(42.00%) 37(37.37%) 30(38.96%) 24(31.17%)

  No 58(58.00%) 62(62.63%) 47(61.04%) 54(70.13%)

Tumor size (mm) 0.834 0.361 0.102 0.749

  ≤ 50 70(70.00%) 75(75.76%) 58(75.32%) 57(73.08%)

  > 50 30(30.00%) 24(24.24%) 19(24.68%) 21(26.92%)

Differentiation 0.065 0.799 0.073 0.787

Well and moderately 33(33.00%) 68(68.69%) 49(63.64%) 48(61.54%)

poorly 67(67.00%) 31(31.31%) 28(36.36%) 30(38.46%)

Albumin (g/L) 0.056 0.813 0.113 0.737

  ≤ 39.85 61(61.00%) 62(62.63%) 60(77.92%) 59(75.64%)

  > 39.85 39(39.00%) 37(37.37%) 17(22.08%) 19(24.36%)

WBC, 109/L 0.411 0.521 0.052 0.820

  ≤ 6.525 65(65.00%) 60(60.61%) 53(68.83%) 55(70.51%)

  > 6.525 35(35.00%) 39(39.39%) 24(31.17%) 23(29.49%)

CEA 0.047 0.828 0.78 0.377

  ≤ 7 ug/ml 48(48.00%) 46(46.46%) 41(53.25%) 36(46.15%)

  > 7 ug/ml 52(52.00%) 53(53.54%) 36(46.75%) 42(53.85%)

CA199 0.085 0.771 0.773 0.379

  ≤ 21 u/mL 75(75.00%) 76(76.77%) 60(77.92%) 56(71.79%)

  > 21 u/mL 25(25.00%) 23(23.23%) 17(22.08%) 22(28.21%)

CA125 3.336 0.068 0.01 0.921

  ≤ 14.6 u/ml 65(65.00%) 76(76.77%) 47(61.04%) 47(60.26%)

  > 14.6 u/ml 35(35.00%) 23(23.23%) 30(38.96%) 31(39.74%)

Type of surgery 2.206 0.332 3.085 0.214

  DG 36(36.00%) 26(26.26%) 21(27.27%) 13(16.67%)

  PG 32(32.00%) 36(36.37%) 27(35.07%) 27(34.62%)

  TG 32(32.00%) 37(37.37%) 29(37.66%) 38(48.71%)

TNM stage 14.683 0.001 4.102 0.129

  I 14(14.00%) 18(18.18%) 16(20.78%) 17(21.79%)

  II 9(9.00%) 28(28.28%) 22(28.57%) 12(15.38%)

  III 77(77.00%) 53(53.54%) 39(50.65%) 49(62.83%)
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(HR = 3.383, 95%CI 1.961–5.838, P < 0.001) and ALb (HR = 
0.400, 95%CI 0.238–0.674, P = 0.001) were independent risk 
factors for the prognosis of non-elderly patients (Table 5).

Cox regression analysis on influencing factors 
for the prognosis of elderly patients
The results of univariate analysis showed that the histo-
logical type, SII, ALb, CEA, CA199, operation method, 
and TNM stage were risk factors for the prognosis of the 
155 elderly patients with GC. It was confirmed by multi-
variate analysis that SII (HR = 2.372, 95%CI 1.444–3.896, 
P = 0.001), ALb (HR = 0.164, 95%CI 0.059–0.457, P = 
0.001), and operation method were independent risk fac-
tors for the prognosis of elderly patients (Table 6).

Postoperative survival rate of non‑elderly and elderly 
patients
Among the non-elderly patients, the 1-, 3-, and 5-year 
survival rates were 92.9%, 82.8% and 62.1%, respectively, 
in L-SII group, and 85.0%, 47.6%, and 31.9%, respectively, 
in H-SII group. The survival rate of GC patients in L-SII 
group was better than that in H-SII group, and the OS 
rate had a statistically significant difference between the 
two groups (P < 0.001). Among the elderly patients, the 
1-, 3-, and 5-year survival rates were 83.3%, 63.2%, and 
43.8%, respectively, in L-SII group, and 75.3%, 42.2%, and 

19.4%, respectively, in H-SII group. The survival rate of 
GC patients in L-SII group was better than that in H-SII 
group, and the OS rate had a statistically significant dif-
ference between the two groups (P = 0.041) (Fig. 5).

Discussion
In recent years, related studies have demonstrated that 
the inflammatory response (tissue necrosis, activa-
tion of immune response, secretion of cytokines) plays 
an important role in the occurrence, development and 
metastasis of tumors [15, 16]. In clinical practice, medi-
cal staff often use various methods such as enteral nutri-
tion support and combined ERAS to adjust the immunity 
of cancer patients to improve the prognosis of patients 
[17, 18]. In the early stage, the inflammatory response is 
induced and the anti-tumor immune response is inhib-
ited, thereby promoting growth of tumor cells. With the 
growth of tumor, the inflammatory response is further 
enhanced. To eliminate inflammation, the recruitment 
of immune cells to tumor tissues is reduced, resulting 
in immune escape of tumor cells. In the late stage, the 
body’s immunity is almost lost, and the inflammatory 
response is further worsened, thus facilitating the tumor 
progression [19]. In recent years, researches on the prog-
nosis of gastric cancer patients have been intensified. 
Follistatin-like 1 (FSTL1), miR-23b, ETS1, and TCF4 

Table 5  Univariate and multivariate analyses on OS of non-elderly patients

HR hazard ratio, CI confidence interval, SII systemic immune inflammatory, ALb albumin, WBC white blood cell, DG distal gastectomy, PG proximal gastrectomy, TG 
total gastrectomy

Parameters Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Gender (male vs. female) 0.834(0.459–1.516) 0.552

Smoking (yes vs. no) 1.042(0.663–1.639) 0.858

Drinking (yes vs. no) 1.090(0.688–1.726) 0.714

Tumor size, mm(≤ 5 vs.  >5) 1.878(1.177–2.995) 0.008 1.452(0.893–2.359) 0.133

Differentiation (poorly vs. well and moderately) 0.926(0.561–1.528) 0.764

SII(> 489.52 vs. ≤ 489.52) 3.970(2.334–6.751) < 0.001 3.383(1.961–5.838) < 0.001

Albumin, g/L(≤ 39.85 vs. > 39.85) 0.462(0.277–0.769) 0.003 0.400(0.238–0.674) 0.001

CEA,ug/ml(≤ 2.17 ug/ml vs. > 2.17 ug/ml) 1.208(0.768–1.901) 0.413

CA199,u/ml(≤ 21 u/mL vs. > 21 u/mL) 1.110(0.660–1.867) 0.693

CA125,u/ml(≤ 14.6 u/ml vs. > 14.6 u/ml) 1.783(1.124–2.830) 0.014 1.592(0.992–2.554) 0.054

WBC, 109/L(≤ 6.525 vs. > 6.525) 0.981(0.616–1.561) 0.934

Type of surgery 0.104

  DG 1(reference)

  PG 1.801(1.039–3.123)

  TG 1.296(0.723–2.324)

TNM stage 0.004 0.090

  I 1(reference) 1(reference)

  II 1.644(0.549–4.920) 2.111(0.686–6.493)

  III 3.539(1.423–8.799) 2.776(1.091–7.063)



Page 10 of 13Zhaojun et al. World Journal of Surgical Oncology            (2022) 20:1 

have all been reported to be prognostic biomarkers for 
gastric cancer patients, mainly involved in tumor pro-
gression and tumor immunity [20, 21]. Related literature 
has reported that neutrophil-to-lymphocyte ratio (NLR) 
and platelet-to-lymphocyte ratio (PLR) are significantly 
related to the prognosis of gastric cancer patients. High 

levels of NLR and PLR before surgery are the prognos-
tic factors for poor OS in gastric cancer patients [22, 23]. 
SII, a new inflammatory index integrating the NE, LY and 
PLT counts [24], can reflect the balance status between 
tumor immunity and inflammatory response more com-
prehensively than platelet-to-lymphocyte ratio (PLR), 

Table 6  Univariate and multivariate analyses on OS of elderly patients

HR hazard ratio, CI confidence interval, SII systemic immune inflammatory, ALb albumin, WBC white blood cell, DG distal gastectomy, PG proximal gastrectomy, TG 
total gastrectomy

Parameters Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Gender (male vs. female) 0.976(0.574–1.661) 0.928

Smoking (yes vs. no) 0.960(0.610–1.513) 0.861

Drinking (yes vs. no) 1.024(0.635–1.652) 0.922

Tumor size, mm(≤ 5 vs. > 5) 1.610(0.993–2.611) 0.053

Differentiation (poorly VS. well and moderately) 0.532(0.321–0.881) 0.014 0.689(0.410–1.158) 0.160

SII(> 489.52 vs. ≤ 489.52) 1.612(1.012–2.567) 0.044 2.372(1.444–3.896) 0.001

Alb, g/L(≤ 39.85 vs. > 39.85) 0.132(0.048–0.361) < 0.001 0.164(0.059–0.457) 0.001

CEA, ug/ml(≤ 2.17 ug/ml vs. > 2.17 ug/ml) 1.704(1.069–2.715) 0.025 1.530(0.930–2.517) 0.094

CA199, u/ml(≤ 21 u/mL vs. > 21 u/mL) 1.848(1.138–3.002) 0.013 1.457(0.877–2.421) 1.146

CA125, u/ml(≤ 14.6 u/ml vs. > 14.6 u/ml) 1.142(0.718–1.818) 0.574

WBC, 109/L(≤ 6.525 vs. > 6.525) 0.940(0.574–1.539) 0.806

Type of surgery < 0.001 0.002

  DG 1(reference) 1(reference)

  PG 1.893(0.875–4.098) 1.548(0.709–3.381)

  TG 4.004(1.937–8.279) 3.174(1.490–6.760)

TNM stage 0.020 0.090

  I 1(reference) 1(reference)

  II 0.902(0.397–2.049) 0.766(0.328–1.786)

  III 1.914(1.020–3.590) 1.539(0.798–2.967)

Fig. 5  Correlation between the prognosis of non-elderly and elderly patients and SII after PSM. a The 5-year OS rate in L-SII group was significantly 
higher than that in H-SII group among the non-elderly patients (62.1% vs. 31.9%) (P < 0.001). b The 5-year OS rate in L-SII group was significantly 
higher than that in H-SII group among the elderly patients (43.8% vs. 19.4%) (P = 0.041)
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neutrophil-to-lymphocyte ratio (NLR) and monocyte-
to-lymphocyte ratio (MLR), and better predict the prog-
nosis of cancer patients [24–26]. Inoue Hiroki et al. [27] 
pointed out that GC patients with SII ≥ 395 (HR = 2.95, 
95%CI 1.07–4.07, p = 0.001) had poor OS; the high SII 
group had a higher peritoneal recurrence rate than the 
low SII group (p = 0.028). In this study, based on pre-
vious studies, the propensity score matching (PSM) 
method was used to explore the value of SII on the prog-
nosis of patients with gastric cancer, and to provide refer-
ences for clinical treatment.

In the present study, the optimal cut-off value of SII 
was determined using the ROC curve, based on which 
the patients were divided into H-SII group and low L-SII 
group. In terms of the correlation between SII and the 
clinicopathological characteristics of patients, SII was 
related to the maximum diameter of tumor, histological 
type, ALb, WBC, CA125 and TNM stage (P<0.05). In 
addition, the survival time of GC patients in H-SII group 
was significantly shortened, and the 5-year survival rate 
was significantly lower than that in L-SII group. Inoue 
[27] et al. retrospectively analyzed the clinical data of 
447 GC patients treated with gastrectomy and found that 
the 5-year survival rate is 80.0% and 92.7%, respectively, 
in H-SII group and L-SII group, suggesting that the SII 
level is related to the prognosis of GC patients, consistent 
with the results of this study. Han BL [28] also showed 
that SII is closely related to the prognosis of GC patients, 
and high SII indicates a poor prognosis of GC patients. 
Its mechanism can be explained by the functions of NE, 
PLT and LY. In the case of tumor invasion, the inflam-
matory response can promote the increase in NE and the 
secretion of NO, reactive oxygen species, arginase and 
other active substances, which can regulate the activity 
of NK cells and LY, thereby facilitating tumor growth and 
metastasis [29, 30]. In addition, the PLT count rises in 
inflammation, and PLT promotes tumor angiogenesis via 
releasing vascular endothelial growth factor and platelet-
derived growth factor [31], creating favorable conditions 
for tumor growth. Moreover, PLT can form colonizing 
tumor thrombi with tumor cells, thus promoting the fur-
ther invasion of tumor cells into the body. On the con-
trary, LY can effectively suppress the occurrence and 
development of tumors, and induce the death of tumor 
cells. The long-term inflammatory stimulus will lead to 
decline in LY subsets, thereby causing immune dysfunc-
tion, and the decrease in LY count can raise the risk of 
immune escape of tumor cells [32–34]. Therefore, SII 
can reflect the relation between systemic inflammatory 
response and body’s immunity during tumor progression. 
The higher the SII is, the more severe the inflammatory 
response and immunosuppression in GC patients will be.

In this study, it was confirmed by univariate analysis 
before and after PSM that age, maximum diameter of 
tumor, SII, ALb, CA125, operation method and TNM 
stage were risk factors for the prognosis of GC patients. 
Before PSM, the results of multivariate analysis showed 
that age, histological type, SII, ALb, CEA, CA125, WBC, 
operation method, and TNM stage were independ-
ent risk factors for the prognosis of GC patients. After 
PSM, the results of multivariate analysis revealed that 
the maximum diameter of tumor, SII, ALb, CA125, 
operation method, and TNM stage were independent 
risk factors for the prognosis of GC patients. Then the 
statistically significant factors after PSM (except SII) 
were analyzed. It was found that the larger maximum 
diameter of tumor, lower level of ALb, higher level of 
CA125, and higher TNM stage indicated a worse prog-
nosis. The prognosis was better among patients under-
going DG than that among patients treated with PG and 
TG. Wang et al. [35] found in the study on the correla-
tion between SII and the prognosis of GC patients that 
SII and TNM stage are independent risk factors for the 
prognosis of GC patients, consistent with the results of 
this paper. As the main component of plasma protein, 
ALb can reflect the nutritional status of patients, and it 
has also been widely used as an antidote and transporter 
in predicting the survival status and disease progression 
of cancer patients [36, 37]. CA125 is mainly present in 
epithelial tissues and serum of patients, and its expres-
sion level in the serum of GC patients is higher than that 
in normal people, which is positively correlated with the 
TNM stage and negatively correlated with the prognosis 
of GC patients, consistent with the results of this study. 
This indicates that CA125 can be used to assess the 
severity of GC [38]. In addition, the multivariate analy-
sis before and after PSM demonstrated that no positive 
result was obtained in age after PSM, but other scholars 
argued that there is a correlation between age and the 
prognosis of GC patients [39, 40]. The reasons why age 
was not an independent risk factor for the prognosis of 
GC patients in this study are as follows: PSM was used 
in this study to validate the impact of SII on the progno-
sis on the basis of excluding other confounding factors, 
which stressed the effect of SII on the prognosis, thus 
affecting the prognostic assessment by other indexes to 
a certain extent. Besides, it is possibly because the sam-
ple size was small after PSM and this study itself had 
limitations, rather than simply considering age unrelated 
to the prognosis of patients. Therefore, the sample size 
remains to be further expanded in the future. To further 
explore the correlation between age and the prognosis 
of GC patients, age was further subjected to stratifica-
tion analysis to exclude the value deviation in a certain 
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stage caused by the small sample size or the bias of age 
stratification in this study. It is reported in the literature 
that elderly patients are aged ≥ 60 years old [41, 42]. In 
this study, the median age of 354 patients was 59.0 years 
old after PSM. Therefore, patients aged ≥ 60 years old 
were defined as elderly patients in this study. The results 
revealed that the mean SII of elderly patients (495.73) 
was significantly higher than that of non-elderly patients 
(443.21), suggesting the correlation between SII and 
patient’s age. In addition, the risk factors for the prog-
nosis of GC patients were analyzed under age stratifica-
tion. It was found that the high SII was correlated with 
the poor prognosis of elderly patients with GC, and the 
5-year OS rate of elderly patients was lower than that of 
non-elderly patients in H-SII group (31.9% vs. 62.1%). 
The specific mechanism remains to be further confirmed 
by a large number of prospective studies.

There were certain limitations in this study. First, this 
was a small-sample retrospective study on GC patients in 
high-altitude areas. To better control the bias, PSM was 
used for data analysis, but all the impact of covariates on 
the outcome failed to be fully eliminated. Second, this 
was a single-center study, so the conclusion cannot fully 
represent the characteristics of other study centers and 
populations, limiting its popularization. Therefore, the 
preliminary results need to be validated by larger-sam-
ple randomized controlled studies in the future, so as to 
offer more convincing theoretical support to the existing 
conclusion.

In conclusion, SII, that remains simple, universal, non-
invasive, cheap, and reproducible, is expected to be an 
index for assessing the prognosis of GC patients.
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